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The design of ionosondes and the many electronic techniques used in the ])anoramic 
type are considered. A complete ionosonde which is readily transportable, economic to 
construct, and has the additional facility of electronic scan over any portion of the frequency 
range 1.0 to 20 megacycles per second is described briefly. 



1. Introduction 

It is becoming increasingly obvious that one of the 
most valuable ground based instruments for upper 
atmosphere research is the ionosonde recorder. 
Electronic computers and simplified reduction tech- 
niques such as those of Kelso [1954], or more recently 
Schmerling and Ven trice [1959], enable electron 
density distributions to be readily obtained from the 
corresponding li'f records, and recent efforts to 
tabulate these results on a worldwide basis are 
providing invaluable information on global iono- 
spheric morj)]iology. The need for more frequent 
ionospheric samplings is suggested by the presence 
of traveling ionosplieric disturbances described bv 
Munro [1950] and Heisler [1958]. This work indi- 
cates that the ionosphere is a d^mamic medium, in 
which almost continuous changes in ion density are 
occurring. Furthermore, recent discoveries of a 
traveling disturbance— £^5 relationship by Heisler 
and Whitehead [1960] and the sporadic nature of 
Es itself, suggest that spaced ionosonde recorders 
are essential to study growth of Es patches and 
mechanics of ionospheric (hsturbances. 

Such recorders are, of necessity, very complex, 
and involve many diverse electronic techniques. 
The panoramic type recorder as originally described 
by Sulzer [1949] is now invariably used in modified 
forms such as that due to Heisler [1955], or as in 
existing American type C4 recorders [Brown, 1959]. 
However, the equipment is usually bulky and 
expensive. Also there seems to be lack of detailed 
design information available on this type of recorder. 

This paper considers ionosonde characteristics 
necessary to satisfy recent research requirements. 
Design principles of the panoramic type ionosonde 
are discussed in detail and finally a new recorder 
is described which is readily transportable and 
economic to construct, possessing the additional 
facility of electronic scan over any portion of the 
frequency range 1 to 20 Mc/s. 

2. Basic Description 

The basic ionosonde recorder consists of a receiver 
tuned synchronously to a transmitter which scans 
over the frequency range /o to /i Mc/s in the scan 
period T sec, at the scan rate of S scans per hour. 
The transmitter is pulsed, the pulse length being 



t /xsec at a repetition frequency of F c/s, where F 
usually is equal to the local a-c supply frequency. 
The directly received pulse and echoes an* displayed 
on one axis of a cathode ray oscillograpli displa}^ 
calibrated in heiglit, and a calibrated frequency 
scale is provided either by movement of the lieight 
scale across the axis of movement of the recording 
film or by movement of the fihn itself. 

In older types of recorders synclu'onization between 
transmitter and receiver was maintained by the use 
of cams and band switching. In the panoramic 
type recorder this is avoided by covering the fre- 
quency range ui a single sweep. This is achieved 
by heterodyning an oscillator continuously variable 
from /o+/x Mc/s to Ji+fx Mc/s with an fr Mc/s 
pulsed oscillator and amphfving the resultant /o to 
/i Mc/s signal to provide the transmitter output. 

The same variable oscillator is used as the local 
oscillator for a superheterodyne receiver of inter- 
mediate frequency fx Mc/s. This receiver has an 
untimed input stage coupled directly to aerial, and 
is thus timed at any instant to the transmitter 
frequency insuring automatic tracking. 

3. Design Requirements 

The various factors which must be considered in 
arriving at particular design features are considered 
below: 

3.1. Frequency Range 

Tlie uppei* frequency limit is norjnally ijnposed by 
the maximum value of Fn critical frequency. At 
sunspot maxunum this ]nay exceed 15 Mc/s but is 
seldom greater than 20 Mc/s. This limit may be 
exceeded by the critical frequency of sporadic E 
but this is exceptional and current research practice 
is to consider percentage of time /o^s exceeds 5 Mc/s. 

Several factors influence the selection of a lower 
frequency limit. At very low frequencies elaborate 
transjnitter and receiver antenna systems are neces- 
sary due to radiation inefficiency, and at fi'oquencies 
below 1.5 Mc/s bi'oadcast station interference in 
many areas causes consick^'able lack of resolution 
on the reproduced ionogram. 

Many ionospheric research projects require de- 
tailed examination of a small portion of tlie fre- 
quency spectrum. It is desirable therefore, that the 
frequency range be variable within the limits dis- 
cussed above. This also readily enables expansion 



629 



or contraction of frequency range to accommodate 
sunspot maximum or sunspot minimum conditions. 

3.2. Scan Period and Scan Rate 

There is now reason to believe that almost con- 
tinuous changes in ion density are occurring in the 
ionosphere, particularly in winter months when day- 
light records taken at intervals of 1 min often show 
marked differences from each other [Heisler, 1958]. 
In order, therefore, to prevent distortion and con- 
sequent misinterpretation of the record, particularly 
in deducing electron density profiles, scan period 
should be no greater than 15 sec. 

Consequent deterioration of integrated signal 
noise ratio as indicated by Dieminger [1959] does 
occur but should preferably be improved by means 
other than increasing scan period, such as careful 
receiver design or by photographic integration as 
discussed in section 4.4. 

The scan rate should be variable to allow several 
scans per minute in special studies e.g., sporadic-^' 
and a low rate for economical normal use. 

3.3. Scan Law 

The increasing use of ionograms in electron 
density profile analysis demands higher scaling 
accuracies than previously, particularly in regions 
where ion density changes slowly with height. Irre- 
spective of accuracy of individual frequency calibra- 
tion points therefore, interpolation between these 
points must be accurate. King [1960] has stressed 
the value of a logarithmic law scan in certain simpli- 
fied N{h) reduction techniques, and this type of law 
is also of value in ionospheric prediction analysis. 

However, in practice the usual logarithmic law on 
many ionograms is onl}^ approximate and error can 
occur in interpolating between frequency marks. 
Interpolation is expedited by use of a linear scan law 
and small variations in this will usually introduce 
errors of less magnitude than those due to difficul- 
ties in interpolating an approximate logarithmic 
scale. One feature of log scan law is the open fre- 
quency scale at low frequencies where considerable 
accuracy is often required. However, this is usually 
at the expense of accuracy in reading /o/^2- 

3.4. Transmitter Pulse Length and Receiver 
Bandwidth 

Since minimum detectable signal power is inversely 
proportional to pulse length [Herb and Sinsheimer, 
1947], pulse lengths should be as long as possible 
consistent with required resolution. Price [1960] 
suggests that there is little advantage in pulse length 
t being shorter than 100 nS due to loss of resolution 
by ionospheric dispersion. This argument, however, 
does not apply to sporadic E ionization where a 
pulse length of 35 ijlS would be required to resolve 
the 5 km stratification observed by Briggs [1958]. 

Pulse length is also a factor in determining receiver 
bandwidth and the optimum value is 1.2/t Mc/s 
[Purcell, 1947]. 



4. Design Principles 

The following design principles appl}^ mainly to 
panoramic ionosondes. For purpose of detailed 
discussion the recorder may be considered to con- 
sist of the following main sections: variable frequency 
oscillator, fixed frequency oscillator, transmitter, 
receiver, and calibration system. 

4.1. Variable Frequency Oscillator (VFO) 

This oscillator provides a substantiall}' constant 
output over the frequency range (Jo+Jx) Mc/s to 
(fi+fx) Mc/s in the scan period Tsec. Since the wide 
frequency spectrum output supplies energy to three 
individual circuits, namely transmitter mixer, re- 
ceiver mixer, and frequency calibrator it is essential 
that oscillator output impedance be low. High 
voltage output is not necessary as receiver and 
calibrator require only a few volts for satisfactory 
operation, and for reasons discussed later in section 
4.3a high level mixing in the transmitter mixer stage 
is difficult to achieve. 

The rate of change of frequency (f+fx) Mc/s of the 
oscillator with time t determines the scan law of the 
recorder, and this law is usually logarithmic or linear 
in form. If a rotating capacitor is used to vary the 
oscillator frequency it is possible to shape the rotor 
plate so as to give the desired rate of charge of 
capacitance with rotation angle. In practice, 
however, only an approximation to the required law 
is obtainable due to unpredictable edge efl^ects be- 
tween rotor and stator, and an exact law necessitates 
use of a rotating cam profile with a cam follower 
mounted on the capacitor shaft. 

Any suitable rotating capacitor may be made to 
give a similar approximation to the required law by 
applying three point tracking techniques [Green, 
1943] by addition of a series capacitor. 

Electronic control of scan frequenc^y may be 
obtained over a limited range by use of the recently 
developed voltage variable capacitor or Varicap 
[Hammerslag, 1959] or by application of a ring type 
resistance capacity feedback oscillator developed by 
Cormack [1951]. The frequency of this oscillator 
can be varied over a considerable range by appUca- 
tion of a control voltage. 

Electronic sweep control has the additional facility 
that any sweep range /o to /i can be obtained by 
suitable preset biasing arrangements while still 
maintaining scan law. A similar facility in 
mechanical scan arrangements can only be obtained 
by changing cam profiles. This form of control also 
removes the usual limitations on scan rates placed by 
mechanical sweep arrangements. Scans may be 
repeated as often as desirable, and minimum scan 
periods are limited mainly by possible receiver 
detuning before return of ionospheric echoes. 

4.2. Fixed Frequency Oscillator (FFO) 

This oscillates at a frequency of fx Mc/s and since 
the highly sensitive receiver in the recorder has a 
similar intermediate frequency, it is essential that 
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tlio oscillaloi" bo pulse Jiiodulated by the transmitter 
keying pulse to prevent continuous receiver paralysis. 
It is extremely difficult even with most elaborate 
oscillator shielding to prevent leakage of signal into 
the receiver circuits. 

The inherent accuracy of fre([uency calibration 
depends upon the accuracy of this oscillator. How- 
ever the necessary requirements are not stringent 
and it is shown in section 5.3 that there is little 
advantage in having a fixed frequency oscillator 
accuracy greater than about one part in three 
thousand. This can be readily obtained with 
sufficient long term stability by means of a carefully 
constructed pulsed Hartley oscillator [Gamertsfelder 
and Holdam, 1949]. Pulse jnodulation of crystal 
oscillators is difficult and it is usually necessary to 
crystal control an oscillator at a submultiple fre- 
quency J:j:/n Mc/s and multiply this by pulsecl ampli- 
fiers to give the required/^ Mc/s output. Unfortu- 
nately tliere may be leakage of continuous f^^ Mc/s 
harmonic radiation into receiver cii'cuits. 

4.3. Transmitter 

This consists essentially of a jnixer to obtain the 
sweep frequency from the variable frequency oscil- 
lator output and the pulsed output of the fixed 
frequency oscillator, followed by a wide band ampli- 
fier feeding the transmitter aerial. These require 
a balanced output and hence push-pull output is 
usually employed, with the additional advantage of 
providing higher ])ower output particidarly in class 
B operation. Adoption of this necessitates some 
form of phase inversion in the ajnpliher chain to 
provide out of phase driving voltages for the output 
stage. In order to obtain sufficient gain with a 
minimum of tubes, wide band coupling techniques 
must be used throughout niixer and amplifier cir- 
cuits. The various approaches which can be made 
to these problems are considered below. 

a. Resistance Capacitance Coupling 

In this type of coupling the top frequency to be 
amplified i\ is approxhnately equal to bandwidth 
Br,. If the amplifier consists of n stages and if B is 
the bandwidth of each stage 



Bn = 



B^ 



(1) 



The normal maximum plate resistor B in any stage 
is given by 

where C is the interstage shunt capacity. 

B may be increased by a factor of 1.77 to 2.4 by 
the use of two and four terminal network coupling 
techniques, described by Walker and Wallman 
[1948]. The total interstage capacity C sliould be 
measured as strays are unknown and published 
values of tube capacitances are cold values and have 
been found to deviate considerably from hot tube 
values. 



Some resistors have been found to change value 
considerably at higli frequencies, and R for prefer- 
ence should be deposited carbon on a ceramic former. 

It is possible^ using network coupling techniques to 
deliberately peak the high frequency gain of an 
individual stage [Walker and Walhnan, 194S]. If 
this is done then bandwidth sliriidvage as expressed 
by eq (1) is not so severe, and bandwidth require- 
ments for an individual stage may be relaxed. 

The limitations imposed by maximimi power 
rating of tubes may be overcojne by pulse switching- 
stages for the duration of the transmitter pulse. 
Screen voltages may then be increased b}^ a factor 
A^ with_consequent increase in mutual conductance 
Qm to V^^m approximately. Moreover the effective 
grid base of a tube is lengtheiKHl by a factor N 
approximately so that higlier perjuissible grid volt- 
age swings become possible, an important feature in 
high level stages. 

One immediate consequence of pulse switclnng is 
that a large negative pulse appears across plate 
]'esistor R due to change in plate potential lev(d 
when the valve becomes operative, and small 
coupling time constants consistent with adecpiate 
coupling at frequency /o are necessary to prevent 
appearance of this on the grid of the following stag(\ 

The valve chosen as transmitter mixer must have 
a high value of r/^ since conversion transconductance 
is approximately ,g^/3. This restricts choice of 
mixer valves to those with a relatively short grid 
base. Consequently high voltage inputs are not 
possible and high level mixuig is diflicuh lo achieve. 

b. Wide Band Transformer Coupling 

One (lillicult problem associated witJi the trans- 
mitter design is to provide sufficient power output 
nito a low impedance. In practice the push-pull 
output stage is directly ('ou|)1(m] to the aei'ial circuits 
to develop power ui an effective load of 600 olnns 
under class A operating conditions. The type of 
tube chosen as final a]nj)lifi(M" must tfuu'efore have 
high mutual conductance, low plate resistance and 
large negative grid voltage for plate current cutoff, 
conditions which are most readily met by pulse 
modulator tetrodes specially developed for radar 
purposes. 

Performance can be improved by matching aerial 
impedence to the plate resistance of the final ampli- 
fiers by means of a wide band transformer. Tliis 
enables class B operation to be used with its much 
higher plate efficiency and provided sufficient power 
is available from the previous stage, grids may be 
driven positive, consequently valves need not have 
a high value of grid voltage cutoff". This relaxation 
in required characteristics permits use of normal 
high perveance valves and effects considerable* 
economy. 

A complete discussion of very w^de band trans- 
former (h^sign is given by Maurice and Minns [1947]. 
The upper frecjuency limit is mairdy controlled by 
leakage inductance which is minimized by keeping 
number of turns low and careful attention to physical 
design. At low frequencies number of turns must 
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be sufficient to provide required inductance, and is 
reduced by using a core of modern powdered iron 
dust materials possessing high initial permeability. 
However, care must be taken to insure that flux 
saturation does not occur at the power outputs 
considered. If the transformer has balanced wind- 
ings, then a high degree of balance can only be 
obtained by inserting an electrostatic shield between 
windings. 

c. Phase Inversion 

If the transmitter has push-pull output, some 
form of phase inversion is necessary in the amplifier 
chain to provide driving voltages 180° out of phase. 
If the phase splitter is used in the early stages of 
the amplifier then all subsequent stages must be 
push pull in form, with consequent duplication of 
valves, increase in power consumption and the risk 
of voltage unbalance occurring at the output stage 
grids. When the phase splitter is placed in late 
stages of the amplifier, it may be necessary to 
employ large pulse tetrodes. 

A convenient means of obtaining the necessary 
inversion is by using an amplifier having unity gain 
as described by Heisler [1955], or the cathode 
coupled unbalance to balance system used in the 
C4 recorder [Brown, 1959]. 

Another method of realizing the necessary anti- 
phase voltages is by use of a broad band transformer 
with a balanced secondary winding. This can be 
used to advantage as a means of coupling the driver 
stage to power output stages operated under class 
B conditions. 

d. Transmitter Pulser 

This applies a large pulse of suitable polarity to 
either grid or screen circuits rendering the valve 
operative for a period of t /xsec. During this period 
the pulser must present a low impedance to the 
appropriate circuits of the controlled valves. This 
permits loading by complex impedences in pulsed 
grid circuits and enables pulsed screen circuits to 
be operated without RF bypass capacitors, both 
factors impairing pulse shape, and inhibiting feed- 
back between common pulsed stages. 

In practice the bootstrap type pulser [Glasoe, 
1948] pulsing screen grids has been found jnost 
satisfactory. 

e. Transmitter Aerial 

Effective power output of the transmitter depends 
to a large extent on the radiation efficiency of the 
associated antenna system. The broadband re- 
quirements demand design compromise particu- 
larly at the low frequency end, where physical 
dimensions of the antenna have to be at least a 
quarter of a wavelength for efficient radiation. 
Usually a 600-ohm delta type antenna is employed 
similar to that described by Cones et al. [1950]. 
Unfortunately, considerable power is dissipated in 
the terminating resistance and at low frequencies 
as much as 80 percent of the power input to the 
aerial may be lost in this manner [Cones, 1951]. 
Where research is concerned with this end of the 



spectrum, it may be necessary to provide high power 
input to the aerial system to compensate for this. 

There appears to be considerable need for de- 
velopment of suitable aerial designs for this purpose, 
particularly with a view to maintaining aerial 
efficiency at low^ frequencies. 

4.4. Receiver 

This consists of an untuned aerial stage and mixer 
followed b}' sufficient intermediate frequency ampli- 
fication, to provide several volts of signal at the 
detector with high signal noise ratio. Since all 
frequencies arriving at the aerial appear on the 
mixer grid, it is necessary to attenuate frequencies 
outside the signal band /o to /i Mc/s to prevent 
serious cross modulation. In practice a high pass 
filter is inserted in aerial circuits to remove broadcast 
station interference below /o, while a resonant trap 
tuned to fx Mc/s prevents breakthrougli at the 
intermediate f requeue}^ of the receiver. 

A similar restriction of pass band ma}^ be obtained 
by using a well designed wide band transformer 
on aerial input circuits. Aerial input is usually 
balanced in form and use of a balance to unbalance 
transformer greatly simplifies front end design. 

Bandwidth requirements are mentioned in section 
3.4. Intermediate frequency fx is usually greater 
than 20 Mc/s, hence gain and selectivity can be 
improved by using double frequency conversion. 
As will be described later the frequenc}^ calibration 
system uses a 1 Mc/s harmonic generator; the value 
of second intermediate frequency should therefore 
be other than integral to prevent interference from 
this source. 

The amplitude of the received pulses covers a large 
dynamic range and if receiver gain is adjusted to 
record weak echoes satisfactoril}^ strong echoes 
invariably saturate the receiver with consequent 
loss of complex splitting detail. 

This effect may be minimized by some form of 
instantaneous automatic gain control [Lawson and 
Uhlenbeck, 1948a], or alternatively by some form of 
logarithmic receiver such as that described by 
Chambers and Page [1954], which has a logaritlunic 
gain response over a very wide range of amplitude 
of input signals. The latter in particular is most 
suitable for measurement of absolute amplitudes 
in ionospheric absorption research applications. 

Automatic gain control is particularly effective in 
discriminating against unwanted CW signals. Sim- 
lar discrimination by differentiation of the received 
echo before application to display should be used 
with caution or loss of complex splitting detail in 
the received echo may occur. The usual RC filter 
is not satisfactory [Lawson and Uhlenbeck, 1950b] 
and a high pass filter with low frequency cutoff 1/(2/.) 
should be used. The technique is only of real value 
if intermediate frequency amplifiers are not over- 
loaded [Haworth and Jordon, 1947]. 

Receiver output should provide echoes of negative 
polarity for application to the grid of the cathode 
ray display tube. Photographic integration on the 
resultant ionogram has been shown to provide con- 
siderable noise discrimination. 
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4.5. Calibration System 

^ 'V\w filial ionosonde presciilalion must be provided 
with calibration of both frecjiieiicY and height. Fre- 
(juoiiey calibration is usually i)rovi(led ])y hetero- 
dyning the variable frecpuMicy oscillator output 
/'„+/a; to /i+/x Mc/s with liarinoiiics from a 1 Mc/s 
harmonic generator and using the ic^sultant zero 
bcnits to generate short sharj) pulses corresponding 

> to each megacycle in the range /o to/i. These pulses 
are then applied to intensifier circuits in such a way 

' to provide suitable marks on the visual display. 

The generator is usually crystal controlled and 

' accuracy of individual marks depends mainly on 
accuracy of jx. However, since the received echo 
falhng oil a given frequency mark includes a number 

. of freque^^cies in the o])timum receiver bandwidth, 
it is doubtful whetlier frequencies read to any greater 
accuracy than one half of tliis have any real signifi- 
('anc(\ This (hMuands a FKO stal)ilitv of 1 part 
in 3,000. 

Height calibration apix^ars on the final (hs|)lav' as 
a seri(»s of sharp marks cori'cspondiiig usually lo 
50 km height separation. These are generated by 
a 3,000 cvcl(M)scillator gated so ihal it oidy oj)(M*ates 
(luring each height display. 

An upper limit, to overall accuracy of luMght cali- 
bration of at h^ast. 1 km is imposed byeM'i'orsin tinn* 
nieasureincMit due to rise time of receivcMJ eclux^s 
and variations of receivcM' delay with sigmd ampli- 
tude [Chance, 1949]. The maxinuun height range 

J usually employcMl is 1,000 km, and th(M'(*foi'(^ accui'acy 
is limited to one j)art in 1,000. This oi'der of 

' stability is (\'isily attained in a well designed RC 

, oscillator. 

5. Recorder Description 



An ionosonde 
quency rangc^ 1 



is described which covers the fre- 
to 20 Mc/s. This has been con- 
structed in the laboratory of the Radio Research 
Board Sydney, based on many of the design tech- 
niques discuss(Hl above. The complete recorder weighs 
approximately 150 lbs and is contained in a 22 in. 
square ciibicie which stands 34 in. high (without 
camera and camera boxes). The ionosonde features 
complete electronic operation, with a nominal scan 
period of 15 sec repeated at a scan rate of 1 per 
minute, with a linear or logarithmic scan law. 
However, scan period can be made as short as 2 sec 
and this can be repeated almost continuously. 
Nominal frequency range is 1 to 20 Mc/s but an im- 
part of this range may be selected by the setting of 
two controls. A manual control permits a manual 
scan to be nuide, or if necessary the ionosonde may 
be set to operate on any particular fixed frequency. 
Transmitter pulse length is variable between 40 and 
100 jLisec and the pulse peak power input to a 600 
ohm balanced antenna averages 3 kw at a pulse 
repetition frequency of 50 c/s. Most of the power 
supplies are electronically voltage regulated. The 
complete recorder can be constructed for less than 
£800 (Austrahan). 



Because of space considerations it is ohxiously 
impossible to publish complete circuit diagrams or 
to give detailed technical information. The following 
description therefore lists briefly the most important 
technical featiu'c^s of tlu^ (equipment. 

5.1. Variable Frequency Oscillator (VFO) 

This is developed from a circuit due to Cormack 
[1951]. Basically tlie circuit is a resistance capaci- 
tance ring type oscillator, in which the necessary 
phase shift is provided by a triode amplifier and 
four cathode followers. Phase rotation and hence 
oscillator frequ(Micy is controlled by varying the 
mutual conductance^ of the cathode followers with 
an applied voltagcv Tlu^ voltage developed by 
the oscillator is from 1.5 to 1.0 volts i*nis over the 
fr'cquency range 29 to 4(S Mc/s and the almost 
linear frequency range shift for applied conti'ol 
obtahied is amplificMl lo suj)ply 4.0 to (>.() volts 
rms to th(^ d'ansmittcM" and j*(h*(MV(M- mixei's. The 
transmitter mixei' is sup])li(Hl dir(M*tl\ IVom this 
am|)lifi(M' while the r(M'(MV(M' mixer and fr(Hjuency 
calil)rat()i- mixer are c()uj)le(l to the ain|)lifier by 
cal h()(l(^ followers. 

5.2. Fixed Frequency Oscillator (FFO) 

This is a |)ulse(l llartl(\v oscillatoi' as described 
by (bimertslel(l(M' and iloldam [1949a] in their 
figui-e 4.45. The oscillator tube operates ovcm* a 
linear region of the tube characteristics and is 
therefore fr(M' from frequency deviation efiects due 
to stray powcM* amplifier pulses in the grid circuits. 
C class ])u1s(hI oscillators are particidarly prone to 
this. A buffer amplifier is used after the oscillatoi* 
to drive the transmit t(M' mixer cathode. 

5.3. Transmitter 

A type 12BY7 tube was chosen foi- the ti-ansmittcM' 
mixer from several types tried. The Wi) voltage^ 
is injected into the control grid and the FFO voltage 
into the cathode circuit. The ])late circuit is 
coupled to a 6CK6 amplifiiM* l)y a four terminal 
network with a cutoft' frc^cuiency of 22 Mc/s, which 
iidiibits higher order compoiUMit frequencies from 
reaching the 6CK6 grid. This amplifier is similarlv 
coupled to a type 6CM5 amplifier which is trans- 
former coupled to the power amplifiers. Tlie 
transformer is a wide bandwidth type wound on 
a toroid A4 Ferroxcube core, providing out of phase 
voltages to drive the final push-pull amplifiers. 
These are type 6CM5 tubes coupled to antenna 
circuits by another wide bandwidth tl'^ulsfornHM^ 
All amplifiers are screen grid pulsed l)y a common 
bootstrap type pulser unit. 

5.4. Receiver 

Type 613X6 tubes are used as RF amplifiei's and 
these are coupled to type 6EJ7 tubes as mixers by 
four terminal coupling networks. The variable 
oscillator voltage of average value l.S v rms is 
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injected into tlie cathode circuits of the mixer tubes. 
The mixer stage is followed by a single stage of 
IF amplification at 28 Mc/s which is then converted 
to 1.9 Mc/s and amplified by two additional stages. 
Dynamic range is improved by use of variable MU 
tubes throughout the amplifier and application of 
automatic gain control to the last stage. This is 
followed by a conventional compensated diode 
detector and one stage of video and audio amplifica- 
tion. The receiver has an overall gain of 114 db 
and a bandwidth of 30 kc/s. 

5.5. Calibration System 

This provides suitable range marks and frequency 
marks on the final display. The height calibrator 
uses a gated resistance capacity 15 kc/s oscillator 
and this signal is divided to provide a 3 kc/s signal. 
The 15 kc/s and 3 kc/s signals are clipped, suitably 
differentiated, mixed and applied to the display to 
produce fine 10 km and broad 50 km height marks. 
Either or both calibrations may be selected at will. 

The frequency calibrator consists of a 6BL8 tube 
as a triode 1 Mc/s crystal oscillator and pentode 
harmonic generator. This output is mixed with 
the output of the variable frequency oscillator hi 
the pentode section of a GAelS tube and the resulting 
heterodyne beats which correspond to 1 Mc/s fre- 
quency intervals are amplified, squared and applied 
to a multivibrator which when operative, removes 
tlie time base synchronizing signal and hence the 
cathode ray tube display. Special provision is nuide 
to insure that frequency intervals always occupy tlu^ 
same deflection length on the display iri-espective of 
duration of scan period, and a later improvement 
places frequency markers on top and bottom of the 
record only. 



5.6. Control Unit 

The control unit provides the basic variable d-c 
voltage to vary the frequency of the VFO. The same 
voltage is used to provide display tube deflection 
when a linear scan law is desired. An adjustable 
RC charging circuit with suitable controls to vary 
amplitude and initial starting voltage establishes 
start and finish of scan voltage and hence the par- 
ticular frequency scan. A synchronous motor is 
used to provide regular 1 min or longer intervals 
between scans. 

5.7. Display 

Two displays are provided, one is on the face of a 
5 in. long persistence screen cathode ray tube and 
is used for monitoring, while the second display is 
on a similar tube having a normal persistence screen 
which is photographed with either a 35 mm or 16 mm 
camera. 

Typical positive pruits of ionognims produced by 
the recorder are shown hi figures 1,2, and 3. Figures 
1 and 2 are both examples of 12 sec sweeps. In 
figure 1 the frequeiu'y range covered is from 1 to 14 
Mc/s, while in figure 2 the frequency range is 2 to 
20 Mc/s. Figure 3 shows a very fast sweep of 2 sec 
over the frequency range 0.1 to 12 Mc/s. It will 
be noticed that tlie sweep is so rapid that individual 
strokes of the time base are obvious, yet in spite of 
this the amount of information available does not 
difter materially from that hi figures 1 and 2. The 
examples serve to illustrate the great versatility of 
the equipment both in scan period and frequency 
range. 




FicuRE 1. Typical ionogram covering the frequency range 1.0 to I4. Mcjs in a scan period oj 12 sec. 
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FicURE 2. Typivnl ionogram roveri>uj the frcqucucj rannc 2.0 to 20 Mr/, ui a scan prnod of 12 sec. 




Figure 3. Typical ionogram covenng the frequency range 1.0 to 12 Me/s in a scan period of 2 sec 



6. Conclusions 

Many facets of panoramic ionosonde design have 
been considered. There are possibly other design 
features, particuhirly for specific research projects 
wliich have not been included, but it is felt that the 
factors discussed constitute enough information to 
provide a basic ionosonde design. Some of tlie mam 
design features emphasized are as follows : 

(i) Tlie use of electronic scan control provides 
manv desirable ionosonde features eco- 
nomicallv. Rapid scans over the whole or 
anv part of the frequency range are pos- 
sible, and scan laws either logaritlmii(^ or 
Unear can be selected at will. 
( \)nsiderable economy can be efi'ected in 
transmitter circuits by the use of wide 
band transformer coupling. 



(ii) 



(iii) 

(iv) 

(v) 



(vi) 
(v^ii) 



(viii; 



There is httle advantage in using trans- 
mitter pulse lengths less than 100 /xsec, 
except for Es investigations where a pulse 
length of 40 jitsec may be beneficial. 

Present transmitter antenna systems are 
very inefficient at low frequencies. There 
is need for researcli into suitable aerials 
for this particular purpose. 

To avoid technical design difficulties, the 
frequency range of the ionosonde should 
not be greater than necessary. A range 
of 1.0 to 20 Mc/s is suggested. 

Tlie scan period should not exceed 15 sec. 

The scan rate should be frequent at least one 
frame per minute, altliough this of neces- 
sity is govei-ned l)y economy in libn con- 
sumption. 

Differentiation of receiver output is ad- 
vantageous, only if intermediate Ire- 
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qiiency stages are not overloaded aiul 
care is taken in requisite filter design, 
(ix) Considerable noise discrimination is obtained 
if the signal applied to display cathode 
ra}" tube grid is of negative polarity. 
(x) There is some doubt as to the advantage of a 
logarithmic scan law, and interpolation 
errors in such a case are likely to be 
greater than those occurring in a similar 
linear law. Electronic scan control is 
particularly adaptable to generation, of a 
linear scan law. 
(xi) For most purposes a receiver banxlwidth of 
30 kc/s is more than adequate even for 
scan periods of the order of a few seconds. 

A complete technical description will be given in a 

later paper. 

This work has been, carried out in the Electrical 
Engiueerin.g School of the University of Sydney as 
part of the research program sponsored by the Radio 
Research Board of the (^ojumon.wealth Scientific 
and Industrial Researcli Organisation. 

We express our appreciation to the University of 
Sydney atul in. particular to Professor W. N. Chris- 
tiansen for provision, of facilities in the Electrical 
Engineering School. The authors also thank Dr. 
G. H. Muiu'o for helpful discussions during the prep- 
aration of the paper. 
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